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What we have heard so far

• STAR & PHENIX short term plans
• J. Dunlop & M. Leitch

• STAR & PHENIX long term plans
• Z. Xu and D. Morrison

• View of the PAC
• K. Rajagopal

• Theoretical perspectives
• B. Muller and D. Kharzeev

• Incredible amount of thinking and hard work going into future 
planning for this meetings!
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The charge

• As we heard yesterday, we need to consider three epochs:
• The short term: 2011-2017

• Driven by current physics goals, and upcoming upgrades to 
STAR & PHENIX: Still needs compelling arguments

• The medium term: 2017-2023...

• The long term: 2023-

• The EIC era: driven by new physics goals, discussed later today

• Steve Vigdor asked me to consider the case for physics in the 
medium term, independent of STAR & PHENIX plans
• Bias 1: The last several years of ATLAS skews my perspective towards 

high pT physcs.

• Bias 2: The years before that were spent in PHOBOS, where my 
perspective was skewed to global physics & systematic studies
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The medium term: 2017-2023

• This world is as hard to predict in 2017 as 2011 would have been 
from from the perspective of 2005
• RHIC era was still in full steam

• Ridge, mach cone, participant eccentricity (leading to vn), direct photons, 
etc were all in embryonic state

• η/s and AdS/CFT in the literature but were still not widely discussed

• No-one had even tried measuring jets in RHIC experiments

• LHC experiments were on the way, but were not central in people’s 
thinking

• By 2017, the LHC will be the 5.5 TeV gorilla
• Half energy p+Pb is under discussion for 2012 (lots of momentum!)

• Full energy Pb+Pb should start in 2015

• 2nd shutdown planned to upgrade luminosity
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LHC Ion Plan to 2020+
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Year System Energy Luminosity

2010 Pb+Pb 2.76 TeV 3.00E+25

2011 Pb+Pb (p+Pb MD) 2.76 TeV 1-1.5E25

2012 Pb+Pb OR p+Pb 2.76 (4.4) TeV “maximum”

2013 shutdown (LS1)

2014 shutdown (LS1)

2015 Pb+Pb 5.5 TeV 5.00E+26

2016 Pb+Pb 5.5 TeV 5.00E+26

2017 Pb+Pb OR p+Pb 5.5 (8.8) TeV

2018 shutdown (LS2)

2019 Pb+Pb 5.5 TeV O(1E27)

2020 p+Pb OR d+Pb 8.8 (X) TeV

2021 Ar+Ar?

2022 shutdown (LS3)

1/2 energy

full energy

full lumi

NB: nearly ~3 year gap in HI running from 2012-2015!
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Does the LHC make RHIC obsolete?

• LHC certainly brings a lot to the table
• 10x less luminosity than RHIC (for now), and short running times (and this 

is the “pre-Higgs” era), but high pT rates far exceeding RHIC

• Powerful suite of detectors
• ALICE

• A dedicated HI experiment with a complement of PID surrounding a very 
capable TPC

• Nearly 1000 HI physicists excited to do physics with the detector

• ATLAS & CMS

• Excellent inner tracker out to |eta|<2.5

• Finely-segmented calorimeters with EM & hadronic layers out to |eta|<5 

• Muon detection out to |eta|<2.7 (but low pT cutoff)

• Smaller working groups, but leveraging resources of huge collaborations
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Did RHIC make SPS obsolete?

• No.

• Dual motivations: theory & experiment
• Experiment: SPS “landscape” physics

• Theory: search for critical point

• More interestingly, as new qualitative phenomena were 
discovered at RHIC, they were rediscovered at lower energies
• High pT suppression revisited by WA98

• Ridge and cone addressed by CERES data

• As we found new things at RHIC, lots of interest in whether or not 
the SPS would “turn off” those effects
• And some things didn’t go away, e.g. “Mach cone” (a.k.a. vn)

• And now we are doing “SPS physics” at RHIC w/ BES
• And we are finding interesting agreement & discrepancies with older data

9



Will LHC make RHIC obsolete?

• For now, LHC is doing “RHIC physics”
• High pT suppression

• Flow (& global variables)

• Quarkonia physics 

• Of course it is already starting to do “LHC physics”
• Measurements of full jets were 

published immediately & before RHIC

• Large acceptance correlations

• Heavy flavor already begun in ALICE, 
and all detectors have large high 
resolution pixel detectors

• As RHIC detectors improve, and if the major upgrades happen, 
we will have the capabilities to address similar physics
• e.g. heavy quark energy loss using jets: terra incognita for both machines!
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Hard probes of heavy ion collisions
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ATLAS published
first observations of the 
centrality dependence 
of dijet asymmetries

ATLAS also first measured
suppression of J/ψ &

observed production of 
Z  bosons

The LHC provides much
higher rates of hard 

processes than provided
previously: new opportunities
for studying the microscopic

properties of the medium 

Phys. Rev. Lett. 105, 252303 (2010)

Phys.Lett.B697:294-312 (2011)



There have always been (at least) two
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AGS SPS

RHIC

LHC

SPS

AGSSPS

Light ions (S+Au, Si+Au)

Heavy ions (Au+Au, Pb+Pb)
Signatures of the QGP

Systematic measurements
Heavy & light ions
Exploratory energy scans

RHIC

80’s

90’s

00’s

10’s
High luminosities
Jets, Onia, Flavor tagging
Precision energy scans

SPS

Multiple machines contribute to dynamism of HI physics



Varieties of RHIC responses to the LHC

• “I, for one, welcome our new LHC overlords”
• The LHC will be the ones to discover new 

phenomena

• RHIC would then do “LHC physics” at a lower energy 
density

• This is an advance or retreat, depending on 
perspective

• “Aim for uniqueness” in the RHIC era
• Find areas where LHC can not reach and focus there

• Energy scan in “transition” region, low energy jets

• The SPS played both roles during RHIC era
• New observables applied to lower energy data

• Energy scans where newer machines couldn’t reach

• We are now seeing the results of going it alone for a 
generation (e.g. NA49 vs. STAR)
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What do experimentalists want to know?
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• STAR
• Properties of sQGP

• Energy loss mechanisms

• Critical point physics

• Symmetry properties (Chiral Magnetic Effect)

• Exotic particles (e.g. strangelets, glueballs)

• CNM & saturation physics

• sPHENIX
• Physics of rapid thermalization & entropy production

• Degrees of freedom of sQGP (e.g. quasiparticles)?

• Diagnostics of strong coupling (e.g. heavy flavor)

• Mechanisms of energy loss in medium

• Establishment of color screening in medium

• Nuclear wave function: CGC & shadowing

Shared HI interests in jets, heavy flavor, onia 
Shared p/d+A interests in CNM and CGC physics

Energy scan physics more of a priority for STAR than PHENIX
Luminosity physics more of a priority for sPHENIX than STAR

From PHENIX & STAR decadal plans



The “sweet spot” argument

• Yesterday, we heard many people suggest the RHIC energy scan 
sits in a “sweet spot”

• The “sweet spot” argument is based on 
• Strong energy dependence to many observables until ~40-60 GeV at RHIC

• Possibly non-monotonic behavior in certain variables

• Little change in many observables between RHIC and LHC energies

• Elliptic flow

• Chiral magnetic effect observables 

• Clearly requires final results from initial exploratory STAR scan

• However, worth a discussion of what is changing?
• Is this indication of a phase transition?
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Examples
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Nu Xu 17/44 BNL PAC, June 6 - 8, 2011 

Bedanga Mohanty 

Higher Moments of Net-protons 

STAR Preliminary 

1)  STAR results* on net-proton high moments for Au
+Au collisions at !sNN = 200, 62.4 and 19.6 GeV. 

2)  Sensitive to critical point**: 

3)  Direct comparison with Lattice results**:   

4)  Extract susceptibilities and freeze-out temperature. 
An independent test on thermal equilibrium in HI 
collisions. 

5)  17M good events at 19.6GeV collected in Run 11.  

6)  Run12 request: 27 GeV Au+Au collisions! 

*   STAR: 1004.4959,  PRL 105, 22303(2010). 
**  M. Stephanov: PRL,102, 032301(09). 
*** R.V. Gavai and S. Gupta: 1001.2796. 

! 

"N( )2 # $ 2, "N( )3 # $ 4.5, "N( )4 # $ 7

S *% #
&B
3

&B
2 , ' *% 2 #

&B
4

&B
2

Nu Xu 16/44 BNL PAC, June 6 - 8, 2011 

E-by-E Particle Ratio Fluctuations 

1)  Fluctuations in particle ratios are sensitive to particle numbers 
at chemical FO not kinetic FO; the volume effects may cancel. 
                                 S. Jeon, V. Koch, PRL 83, 5435 (1999) 

2)   Apparent differences (results with Kaons) with SPS when  
      !sNN < 12 GeV. 

Nu Xu 19/44 BNL PAC, June 6 - 8, 2011 

LPV vs. Beam Energy 

1)  Difference between same- and opposite-sign correlations decreases 
as beam energy decreases 

2)  Same sign charge correlations become positive at 7.7 GeV 
3)  Several different approaches in the collaboration 

STAR Preliminary 

Nu Xu 22/44 BNL PAC, June 6 - 8, 2011 

v2 Scaling vs. Beam Energy 

39 GeV 

STAR Preliminary STAR Preliminary 

! meson v2 falls off the scaling  trend from other hadrons at 11.5 GeV 

11.5 GeV 

STAR Preliminary STAR Preliminary 



A RHIC plot I haven’t seen this week
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FIG. 3: The top four panels show the net proton rapidity distributions from AGS, SPS and RHIC (
√

sNN =
62.4 GeV and

√
sNN = 200 GeV) [5–7] obtained as described in the text. The average rapidity losses are

listed. The bottom panel shows the prediction for the Large Hadron Collider (LHC)

IV. LONGITUDINAL SCALING

In order to compare net-baryons at SPS and RHIC we consider the net-baryon distribution to
consist of two parts: The ‘projectile’ distribution from one nucleus and the ‘target’ distribution

from the other. The two contributions overlap and form
dNB−B̄(y)

dy
. We want to study the rapidities

0 < y < ybeam or the ‘projectile’ side of the collision. We use the variable y′ = y − ybeam. Thus,

dNB−B̄(y)

dy′
=

dNprojectile

dy′
+

dNtarget

dy′
⇒

dNprojectile

dy′
=

dNB−B̄(y)

dy′
−

dNtarget

dy′
(2)

In this study we have used a simple linear rapidity distribution to remove the ‘target’ net-baryons.
Work is in progress to include a more realistic study using a baryon transport model [8]. The
result is shown in Figure 4. It is seen that there seems to be a longitudinal scaling of net-baryon
‘projectile’ distributions from SPS to RHIC energies.

BRAHMS compiled
dN/dy of net baryons

At low energy, all of the
baryon number is at the same

rapidity as the fluid

As energy grows, entropy (s1/4)
inevitably dominates over 

baryon density (Npart)

H. Dalsgaard, BRAHMS



What changes with beam energy?

• Baryon density must have 
dynamical consequences
• Large mass absorbs kinetic 

energy

• Conserved quantity

• This shows up already even in 
the total multiplicity (PHOBOS)

• It is urgent that hydro experts 
start to systematically 
incorporate net baryon density 
into calculations
• This will be another problem for 

3D space-time initialization 
(similar to Berndt’s concern 
yesterday)
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Flow of particles and anti-particles
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Nu Xu 21/44 BNL PAC, June 6 - 8, 2011 

Particle and Anti-Particle v2 vs. !sNN 

1)  v2( baryon)  > v2 (anti-baryon);  v2( !+) < v2 (!-) at 7.7 GeV 
2)  Run 12 request: 27 GeV Au+Au collisions 

STAR Preliminary 

STAR Preliminary 

STAR Preliminary 
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Fig. 5. The left hand figure: the entropy density normalized to T 3 as a function of
the beam energy. The right hand figure: the line separating the T − µB plane into
an area dominated by baryonic and one by mesonic freeze out. The calculations
within the Statistical Model have been done using Thermus [14].

4. Summary

It has been shown [8] that the Statistical Model yields a maximum in the
relative strangeness content around 30 A GeV. This is due to the saturation
of the temperature T while the chemical potential keeps decreasing with in-
cident energy. Since the chemical potential plays a key role, it is clear that
baryons are strongly affected. Indeed, all hyperon/π ratios yield maxima.
In contrast, the K−/π− ratio shows a continuously rising curve as expected.
The K+/π+ ratio, however, exhibits a maximum at the lower incident ener-
gies as hyperon/π. The model predicts that for different hyperon/π ratios
the maxima occur at different energies. If experiments prove this, the case
for a phase transition is weak.

The energy regime around 30 A GeV seems to have specific properties.
It has been shown that the entropy production occurs below this energy
mainly via creation of baryons, while at the higher incident energies meson
production dominates.

This work was supported by the German Ministerium für Bildung und
Forschung (BMBF), the Polish Ministry of Science (MEN) and by the
Alexander von Humboldt Foundation (AvH).

J. Cleymans et al, 2009

Thermal models show
clear transition between

meson and baryon dominance
at ~10 GeV

Clear dominance of baryons
over anti-baryons

<E>/<N>~1 GeV
≈ s/T3 = 7 



The “lever arm” argument

• Many new phenomena observed at the LHC may be accessible at 
RHIC energies, although with more effort
• Dijet asymmetries

• e.g. heavy flavor jets have not been studied at either machine yet

• Cannot lower energy density in A+A by varying centrality
• Multiplicity per participant pair is constant at RHIC & SPS energies, down 

to very peripheral events

• One also ends up varying geometry (e.g. flow, but cf. Muller)

• Lowering beam energy is the most effective way
• Esp.  to work at same geometric parameters (e.g. eccentricities)

• Powerful environment to test theoretical models over x14-28 in 
beam energy, in real time
• No more waiting for the future
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The “lever arm”, in practice
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FIG. 2: (Color Online) Nuclear modification factor at mid-
rapidity for neutral pion spectra in the most 0 − 5% central
Pb+ Pb collisions at

√
s = 2.76 TeV, using the HT modified

fragmentation functions with q̂0τ0 = 1.0−1.4 GeV2. The data
points (filled square) are for charged hadrons in the same cen-
tral Pb+Pb collisions from ALICE Experiment [55] with the
histogram representing systematic errors due to uncertainty
in the p+ p spectra at

√
s = 2.76 TeV from interpolation.

LHC is caused mainly by the overall increase of the ini-
tial parton density. The increased initial parton density,
however, will also increase the life-time of the dense mat-
ter through-out the phase transition and hadronic phase.
This will also contribute to the increased suppression of
hadron spectra at the LHC as compared to at RHIC.

IV. CONCLUSIONS

We used the new ALICE data on charged hadron mul-
tiplicity density at mid-rapidity in central Pb+ Pb colli-
sions at the LHC energy

√
s = 2.76 TeV [28] to estimate

the initial jet quenching parameters in Pb + Pb colli-
sions at the LHC and the initial condition for the hydro-
dynamic evolution of the bulk matter. With the initial
values of the jet transport parameter and the initial con-
dition for hydrodynamic evolution of the bulk matter, we

predict the suppression factor for the hadron spectra in
Pb+Pb collisions at

√
s = 2.76 TeV within the HT model

for medium modified fragmentation functions. Because
of the increased initial parton density of about a factor of
two, and the longer life-time of the dense matter or the
duration of jet quenching, the hadron spectra are found
to be suppressed more at LHC than at RHIC. However,
because the energy dependence of the parton energy loss
and the less steep initial jet spectra, the suppression fac-
tors will increase with pT more strongly at LHC than at
RHIC.
Because of the increased number of jet production in

heavy-ion collisions at LHC energies, there are increased
possibility of larger pT hadron production from recom-
bination of parton showers from independent jets. This
production mechanism will be more important than the
shower-thermal and thermal-thermal parton recombina-
tion that have been considered more relevant in heavy-ion
collisions at the RHIC energy [56–58]. Such contributions
from jet-jet parton recombination will likely increase the
hadron yield at moderate pT and increase the values of
the suppression factor RAA at the LHC energies.
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in terms of the Glauber nuclear thickness profile
TA(!x⊥) =

∫

dzρA(z, !x⊥) and Wood-Saxon nuclear den-
sity ρA normalized to A.
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FIG. 1. WHDG model [53] predictions (blue bands extrapo-
lated from the RHIC constrained green band) for the nuclear
modification factor of π0 in Pb+Pb 2.76 ATeV LHC are com-
pared to ALICE/LHC [1] charged hadron nuclear modification
data in central (red solid) and peripheral (open red) reactions.
The PHENIX/RHIC Au+Au→ π0 nuclear modification data
[34] are shown by black dots. The brown triangles and blue
stars represent the charged hadron PHENIX [32] and STAR
[33] data, respectively. The blue band of WHDG predictions
corresponds to the 1-σ medium constraint set by PHENIX [34]
extrapolated to LHC via the ALICE charged particle rapidity
density [2]. The wide yellow band is the current systematic
error band of the (red dot) LHC data due to the unmeasured
p+p reference denominator.

In the absence of both initial state and final state nu-
clear interactions RAB = 1. For pT below some charac-
teristic medium dependent transverse momentum “sat-
uration” scale, Qs(pT ,

√
s, A), the initial nuclear par-

tonic distributions functions (PDFs) [59–61] fa/A(x =
2pT /

√
s,Q2 ∼ p2T ) < Afa/N (x,Q2) are expected to be

shadowed, leading to RAA < 1 because the incident flux
of partons is less than A times the free nucleon parton
flux. Color Glass Condensate (CGC) models [11, 62–
68] have been developed to predict Qs(pT ,

√
s, A) related

initial state effects from first principles. While the mag-
nitude of Qs at LHC is uncertain and will require future
dedicated p+Pb control measurements to map out, cur-
rent expectations are that Qs < 5 GeV at LHC in the
central rapidity region. This should leave a wide jet to-

mographic kinematic window 10 < pT < 200 GeV in
which nuclear modification should be dominated by final
state parton energy loss and broadening effects. In this
paper, we therefore assume that initial state nuclear ef-
fects can be neglected in the 10 < pT < 20 (i.e. x > 0.01)
range explored by the first ALICE data [1]. We note that
from Fig. 1, and as discussed in detail below, our RHIC
constrained jet quenching due to final state interactions
alone already tends to over-predict the pion quenching
at LHC and therefore leaves no room for large addi-
tional shadowing/saturation effects in the [68–70] in this
Q2 > 100 GeV2 kinematic window—unless the sQGP is
much more transparent at LHC than expected from most
extrapolations of jet quenching phenomena from SPS and
RHIC to LHC energies.
The main challenge to pQCD multiple collision theory

of jet tomography and AdS/CFT jet holography is how to
construct a consistent approximate framework that can
account simultaneously for the beam energy dependence
from SPS to LHC energy and for the nuclear system size,
momentum, and centrality dependence from p+p to U +
U of four major classes of hard probe observables: (1) the
light quark and gluon leading jet quenching pattern as a
function of the resolution scale pT , (2) the heavy quark
flavor dependence of jet flavor tagged observables, and (3)
the azimuthal dependence of high pT particles relative to
the bulk reaction plane determined from low-pT elliptic
flow and higher azimuthal flow moments, vn(pT ), and (4)
corresponding di-jet observables.
The first LHC heavy ion data on high transverse mo-

mentum spectra provide an important milestone because
they test for the first time the density or opacity depen-
dence of light quark and gluon jet quenching theory in a
parton density range approximately twice as large as that
studied at RHIC. The surprise from LHC is the relatively
small difference observed between the RHIC [32–34] and
ALICE [1] LHC data on RAA(10 < pT < 20 GeV), as
shown in Fig. 1. In addition, there is little difference
from RHIC to LHC between the differential elliptic flow
probe, v2(pT < 2), as reported in [3]. The rather striking
similarities between bulk and hard observables at RHIC
and LHC pose significant consistency challenges for both
initial state production and dynamical modeling of the
sQGP phase of matter.
In this paper, we focus on the puzzle posed by the

similarity of inclusive light quark/gluon jet quenching at
RHIC and LHC by performing a constrained extrapola-
tion from RHIC using the WHDG model [53] to predict

Rπ0

AA at 2.76 ATeV cm energy. We update our earlier
2007 LHC predictions in [71, 72], by extrapolating the
2008 1− σ PHENIX/RHIC constraints [34] of the opac-
ity range at

√
s = 0.2 ATeV using the new 2.76 ATeV

ALICE/LHC [2, 4] charged hadron rapidity density data,
dNch/dη = 1601±60, in the 0−5% most central collisions
and 35± 2 in the 70− 80% peripheral collisions.
We note that in strong coupling AdS/CFT approaches

to hard jet probes, the pQCD high-pT jet tomogra-
phy theory is replaced by a gravity dual jet holographic

Horowitz & Gyulassy Wang & Hirano

RHIC → LHC: LHC does not suppress “enough”
We can expect the opposite in the future:  

RHIC should should consider being ready to meet the LHC data



LHC Physics at RHIC

• STAR and sPHENIX are both looking 
into high pT physics at RHIC

• Fully reconstructed jets, light and heavy 
flavor

• Quarkonia

• Photons and electrons

• sPHENIX is actively seeking to 
maximize the pT reach of RHIC

• Huge data rate and selective triggering

• Better to go for a quality physics 
measurement as part of “lever arm” 

• Negotiating a unique RHIC “niche” (e.g. a 
certain pT range) here is doomed to fail

• LHC experiments will push down in pT if 
that is where the physics is

21

Jet and Photon-Jet Physics Heavy Ion Physics: sPHENIX Plan

efficiencies, we expect those reductions to be more than offset by additional increases in
luminosity or running time not included in the estimate of 1010 central events. Through
a combination of single jet, dijet, and γ-jet measurements we will be able to extend the
jet measurements down to 15 GeV, we would be able to measure jet final states with a
factor of 3–4 variation in Qmax. RHIC is an ideal place to carry out this jet program and
to substantially extend the measurements over a broader range of Qmaxat the LHC.
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Figure 3.4: Jet, photon and π0 rates within |η| < 1.0 from NLO pQCD [309] calculations
scaled to Au+Au central collisions. Ten billion Au+Au central collisions corresponds to
one count at 10−10 at the bottom of the y-axis range. With that data sample, we would
measure light quark jets with 105 counts above 40 GeV and 103 counts above 60 GeV.

For the highest jet energies that we anticipate to be available at RHIC, we have access to
quark and gluon virtualities so large that the initial stages of the parton shower develop
prior to the formation of a medium, and the quenching of the resulting jets should proceed
through the independent quenching of the sub-jets. Such “premedium” development of
the parton shower generated by hard-scattering processes will be more important in jet
measurements at the LHC, but with the range of jet energies accessible at RHIC we will
be able to study the evolution of jet quenching from relatively low initial virtuality probes
to very high virtuality probes. The capability to select jets of both high and low virtuality

50

1000 jets above 60 GeV! 
1000 photons above 30 GeV!

sPHENIX proposal
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Jörn Putschke, RHIC/AGS Users Meeting 2011

Effect of background fluctuations at RHIC and LHC

8

Toy model: use the independent emission model and p+p x-section

An illustration that fluctuations
have to be considered carefully.

Do not be overly pessimistic,
or overly optimisitic:

this comes down to quantitative work
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Figure 7.7: Plots which show the effect of the underlying event on jet reconstruction in the

strawman detector. The plot on the left corresponds to a pure p+p event (i.e., no underly-

ing event), while the plot on the right shows the effect of adding in a underlying HIJING

Au+Au central event multiplicity.

the device. In Section 7.1.3, we show some initial GEANT4 performance studies for sin-

gle particles with a fully Si-W design. If the entire CEMCal were a tungsten radiator, the

entire detector could be 7.8 cm thick for a total radiation length of X0 = 22.3.

The compact design has many advantages, but it also presents challenges. For example,

the EMCal, situated 60 cm radially from the beampipe, has to be able to handle shower

overlaps in central Au+Au collisions. The CMS EMCal also has a compact design, and

we are in the fortunate position of being able to benefit from the experience that will be

gained by CMS over the next year as they use their EMCal to study heavy-ion collisions.

The midrapidity particle density in full-energy central Pb+Pb collisions at the LHC is

expected to be roughly three times that seen in central Au+Au collisions at RHIC [98],

and the front face of the CMS EMCal sits at a radius of 1.29 m—about a factor of four

more detector area per unit rapidity than the sPHENIX design. The net result is a particle

density at the face of the sPHENIX EMCal similar to the density CMS expects to be able

to handle. We note that the strawman design has the EMCal at 60 cm, though we believe

the benefits of a compact design for sPHENIX are still realized for EMCal radii up to

about 1.5 m. Thus, further simulations, R&D, and the experience gained by CMS with

triggering, the impact of the underlying event, and the effect on energy resolution of such

an environment will certainly inform the design of our EMCal. The final values of the key

parameters of the sPHENIX EMCal will be a trade-off between physics needs, technology

and cost—all of which is a focus of current work.

The existing PHENIX axial field magnet is not an ideal match for a compact detector with

an emphasis on jet measurements. The existing magnet also presents a severe conflict for

160

sPHENIX studies have started
looking into this in detail

Heavy Ion Physics: sPHENIX Plan Jet and Photon-Jet Physics

Figure 3.14: HIJING events with hard processes above a cut-off scale turned off to generate

“fake” background events, compared with the scaled pQCD jet cross section.

If jet quenching is due to strong coupling, or proceeds through a mechanism that pro-

duces a much stronger angular broadening than that predicted by weakly coupled calcu-

lations, then narrow jet definitions may be largely insensitive to the jet modifications. That

situation will be experimentally identifiable since the jets would be strongly suppressed

while the detected jets (e.g. from the corona) might appear completely unmodified. In

that situation, broader jet definitions may recover the missing jets at the cost of larger

backgrounds and fake rates.
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Why shouldn’t RHIC future look like this?
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RCP vs. centrality in ET bins
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Figure 1: Results from calculation by Vitev, Zhang, and Wicks [10] of the suppression of jet spectrum in

Pb+Pb collisions at an impact parameter value, b = 3 fm, due to medium-induced radiative energy loss

as a function of jet ET for different jet radii (Rmax
). ωmathrmmin

is the minimum gluon frequency included

in the analysis; no minimum is imposed for the results in the figure.

accuracy, that hard scattering processes occur in Pb+Pb collisions at a rate correctly described by Ncoll.65

Given this, modifications of the jet production rate due to (e.g.) quenching could be observed via the66

quantity RAA defined experimentally as67

RAA =
1

Ncoll

E d
3NA−A

dp3

E d3N p−p

dp3

. (1)

68

Since ATLAS has not yet completed p+p measurements of jet spectra at
√

s = 2.76 TeV, we cannot69

yet measure RAA. However, jet quenching effects are expected to be minimal in “peripheral” collisions70

in which there is only a small overlap between the incoming nuclei and therefore only a small volume of71

hot medium created. Such peripheral collisions can provide a baseline for the jet spectrum at 2.76 TeV72

against which the jet yield in more “central” collisions can be compared. For this purpose, we define the73

analog of RAA the “central to peripheral” ratio, RCP74

RCP =

1

Ncoll
cent E d

3Ncent

dp3

1

Ncoll
periph E d3Nperiph

dp3

. (2)

In this note, we present results on the first ATLAS measurements of the jet spectrum in
√

s =75

2.76 TeV Pb+Pb collisions as a function of collision centrality using two different jet sizes, R = 0.476

and R = 0.2, with R the radius of the jet definition, for jet energies up to 200 GeV. Using these spectra,77

we evaluate RCP according to Eq. 2 to determine whether and by how much the jet yield at a given ET is78

reduced in both central and mid-central Pb+Pb collisions relative to peripheral collisions.79

Suppression characterized
by central/peripheral ratio

(pinned on 60-80%)

tends to ~0.5
in central bin 

3.3 Overall momentum balance of dijet events 21

for both centrality ranges and even for events with large observed dijet asymmetry, in both
data and simulation. This shows that the dijet momentum imbalance is not related to unde-
tected activity in the event due to instrumental (e.g. gaps or inefficiencies in the calorimeter) or
physics (e.g. neutrino production) effects.
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Figure 15: Average missing transverse momentum, ��p�T�, for tracks with pT > 0.5 GeV/c, pro-
jected onto the leading jet axis (solid circles). The ��p�T� values are shown as a function of dijet
asymmetry AJ for 0–30% centrality, inside (∆R < 0.8) one of the leading or subleading jet cones
(left) and outside (∆R > 0.8) the leading and subleading jet cones (right). For the solid circles,
vertical bars and brackets represent the statistical and systematic uncertainties, respectively.
For the individual pT ranges, the statistical uncertainties are shown as vertical bars.

The figure also shows the contributions to ��p�T� for five transverse momentum ranges from 0.5–
1 GeV/c to pT > 8 GeV/c. The vertical bars for each range denote statistical uncertainties. For
data and simulation, a large negative contribution to ��p�T� (i.e., in the direction of the leading jet)

Full jet suppression
(incl. heavy flavor)

Detailed fragmentation
studies

Quarkonia physics
(in full range of systems)

We obviously can, with upgraded detectors to maximize use
of RHIC luminosity

Keep in mind: these are first studies from early days.



Tug of War? Sweet spot vs. Lever arm
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We have one machine and 3-4 years before eRHIC

Sweet spot
argument suggests 
running at a variety 

of low energies

Lever arm requires
high energy and 

highest luminosity

Likely to require
a new detector

Upgraded STAR
is enough

Both programs have potentially large scientific impact
Can we do both?

Should we do both?



The big question: which one is worth it?

• Even the short term is $1B investment (K. Rajagopal)
• And without this, the longer term will not happen

• Personally, I feel that meeting the future head-on is the better 
investment
• Even as an LHC person, I can admit LHC hasn’t really found new 

phenomena yet: refining our existing view with powerful tools

• I am also personally nervous that sweet spots don’t exist
• RHIC put itself on the map from systematic measurements (esp. flow & jet 

quenching) rather than isolate a single “thing” (peak, jump, feature)

• Even jet quenching required extensive understanding of context (p+p, 
centrality, energy dependence)
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